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66a Sunday, February 8, 2015aggregates slowly, than forAbeta42, which aggregates quickly. Furthermore, the
rate of reconfiguration for Abeta42 speeds up at higher pH, which slows aggre-
gation, and in the presence of the aggregation inhibitor curcumin. These results
are commensurate with a model of the first step of aggregation, described here,
that is a kinetic competition between reconfiguration and bimolecular diffusion.
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Alzheimer’s disease (AD), the most common form of dementia, is characterized
by extracellular plaques in the brain created when monomeric amyloid-b (Ab)
protein aggregates into fibrillar structures. Soluble Ab aggregates, including
oligomers that form along the reaction pathway, are believed to be themore toxic
species and can increase the production of reactive oxygen species (ROS). Poly-
phenols have been suggested as a complimentary AD therapeutic based on
epidemiological evidence that polyphenol-rich diets correlate with a reduced
incidence of AD. In particular, many flavonoids, a subclass of polyphenols,
have the ability to inhibit Ab aggregation. Alternatively, polyphenols can
counter Ab-induced cellular responses by neutralizing ROS through their anti-
oxidant properties. This study sought to identify polyphenols that can reduce
Ab-induced apoptosis by inhibiting Ab aggregation and/or reducing ROS.
Polyphenols investigated include quercetin (QUE), rhamnetin (RHA), isorham-
netin (IRHA), and tamarixetin (TAM). Using SDS-PAGE and Western blot to
evaluate oligomer size, only IRHA was unable to reduce Ab oligomers 250 –
100 kDa in size, while QUE reduced these oligomers by 88.35 2.4%. All com-
pounds reduced Ab oligomers <100 kDa in size, although IRHA was still the
weakest inhibitor. Antioxidant capabilities were quantified in vitro relative to
Trolox, a vitamin E analog. All compounds tested exhibited antioxidant capa-
bility similar to Trolox. To assess the effect of anti-aggregation and antioxidant
properties on Ab-induced apoptosis, human neuroblastoma cells were stained
using TUNEL, which identifies breaks in the DNA strand. Polyphenols with
anti-aggregation properties successfully reduced apoptosis, and it is hypothe-
sized that antioxidant activity will also have a protective effect.
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The aggregation and deposition of the polypeptide Amyloid-b (Ab) in the brain
is implicated in the pathology of Alzheimer disease (AD). It has been known
that soluble oligomeric forms of Ab are the primary neurotoxic agents in
AD, rather than insoluble fibrils. This has resulted in a plethora of research
investigating the cellular mechanism of Ab oligomer toxicity. However, how
these toxic oligomers proliferate throughout the AD brain remains elusive.
Emerging evidence implicates that a prion-like mechanism of propagation
may cause the widespread proliferation of toxic Ab oligomers in AD. We
have observed that a specific oligomeric form of Ab, called large fatty acid-
derived oligomers (LFAOs), undergo self-propagative replication in a
template-assisted manner, resulting in the formation of quantitatively more
LFAOs. The current research investigates the experimental parameters govern-
ing the efficiency of LFAO replication by self-propagation, and shows that
LFAOs specifically activate NF-kB in human neuroblastoma cells. Further-
more, structural characteristics of propagated LFAOs have been evaluated to
assess the fidelity of the LFAO self-propagative replication process. This study
is the first detailed investigation into the mechanisms governing self-
propagating Ab oligomers in vitro, revealing novel insight into the potential
proliferation mechanism of toxic Ab aggregates in AD.
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The aggregation of amyloid-beta (Ab) peptides plays a crucial role in the eti-
ology of Alzheimer’s disease (AD). Recently, it has been reported that an
A2T mutation in Ab can protect from AD. Interestingly, a non-polar A2V mu-
tation has been also found to offer protection against AD in the heterozygous
state, while causing early-onset AD in homozygous carriers. Since the confor-
mational landscape of the Ab monomer is known to directly contribute to theearly-stage aggregation mechanism, it is important to characterize the effect
of the A2T and A2V mutations on the Ab1-42 monomer structure. Here, we
have performed extensive atomistic replica exchange molecular dynamics sim-
ulations of the solvated wild-type (WT), A2V, and A2T Ab1-42 monomers.
Our simulations reveal that, although all three variants remain as a collapsed
coil in solution, there exist significant structural differences among them at
shorter timescale. An enhanced double hairpin population in A2V is noticed
compared to WT, similar to those reported in the toxic WT Ab1-42 oligomers.
Hydrophobic clustering between the N-terminus and the central and C-terminal
hydrophobic patches promotes such double hairpin formation in A2V. In
contrast, the A2T mutation engages the N-terminus in unusual electrostatic in-
teractions with distant residues, such as K16 and E22, resulting in ‘‘unique’’
population comprising only the C-terminal hairpin. These findings imply that
a single A2X (X¼V/T) mutation in the primarily disordered N-terminus of
Ab1-42 monomer can dramatically alter the b-hairpin population and switch
the equilibrium toward alternative structures. The atomistically detailed,
comparative view of the structural landscapes of A2V and A2T variant mono-
mers obtained in this study can help understanding the mechanistic differences
in their early-stage aggregation.
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Alzheimer’s disease (AD) is a costly and devastating illness, which is charac-
terized by progressive neurological degeneration, manifesting in memory and
cognitive impairment until eventual death. Although the exact mechanism
for AD is unknown, it is hypothesized that disease etiology lies within the
aggregation of the protein amyloid-b (Ab), whose aggregates are toxic to
neuronal cells. Thus, inhibition of Ab aggregation is one therapeutic strategy.
Peptoids are peptide derivatives that resist proteolytic degradation through a
structural modification in the backbone, while maintaining side chain chemis-
try. This study examines the therapeutic potential of three peptoids designed to
mimic the hydrophobic core of Ab and incorporate a neutral, positive, or nega-
tive spacer between aromatic side chains. These peptoids are assessed for their
ability to abate Ab aggregation and reduce the aggregate-induced NF-kB acti-
vation in neuronal cells.
To examine the effect of peptoids on small, oligomeric aggregate formation,
Ab monomer was solubilized in DMSO and diluted into PBS to initiate olig-
omer formation. Oligomer size was assessed via SDS-PAGE and Western
blot; oligomer structure was evaluated using ANS. Finally, the effect of pep-
toids on Ab physiological activity was assessed using activation of NF-kB in
human neuroblastoma cells.
All three peptoids reduced the quantity and size of oligomers formed, with the
peptoid containing the positively charged spacer possessing the greatest inhib-
itory capabilities. In contrast, only peptoids containing a neutral or negatively
charged spacer also altered oligomer structure. NF-kB activation was signif-
icantly reduced for oligomers formed in the presence of all three peptoids.
In addition, when peptoid was added post-oligomerization, peptoids with a
neutral and negatively charged spacer both elicited a significant reduction
in NF-kB activation. In sum, peptoids are capable of inhibiting Ab oligomer-
ization and associated physiological activity, demonstrating potential as AD
therapeutics.
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Amyloid deposits are implicated in the pathogenesis of many neurodegenera-
tive diseases such asAlzheimer’s disease (AD). The inhibition of b-sheet for-
mation has been considered as the primary therapeutic strategy for the AD.
In this presentation, I will present our recent results of the influences of
different carbon nanoparticles (CNPs) (including graphene oxides, pristine
single-walled carbon nanotubes–SWCNTs, hydroxylated SWCNTs, fullerenes
including C60 and C180) on the aggregation of Ab(16-22) and full-length Ab
peptides. Our replica exchange molecular dynamics (REMD) simulations
show that CNPs shift the conformations of Ab oligomers from ordered
b-sheet-rich structures toward disordered coil aggregates. Atomic force micro-
scopy (AFM) experiments further confirm the inhibitory effect of CNPs on Ab
Sunday, February 8, 2015 67afibrillation, in support of our REMD simulations. An important finding from
our REMD simulations is that fullerene C180, albeit with the same number of
carbon atoms as three C60 molecules (3C60) and smaller surface area than
3C60, displays an unexpected stronger inhibitory effect on the b-sheet forma-
tion. A detailed analysis of the CNP-peptide interaction reveals that strong in-
hibition of b-sheet formation by CNPs results from the strong hydrophobic and
aromatic-stacking interactions between CNPs and Ab peptides. These results
demonstrate that CNPs can efficiently inhibit the aggregation of Ab peptides
and reveal the molecular insights into the inhibition mechanisms. Our study re-
veals the significant inhibitory role of fullerene hexagonal rings on the aggre-
gation of Ab(16-22) and full-length Ab peptides and also provides novel
insight into the development of drug candidates against Alzheimer’s disease.DNA Replication, Recombination, and Repair
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Replication protein A (RPA) is a prototypical modular eukaryotic single-
stranded DNA (ssDNA) binding protein that has essential biological function
in virtually all DNA transactions in cell. In this work we used magnetic twee-
zers to study the sequential engagement of RPA to single large ssDNA mole-
cule in real time. Using mechanical manipulation of single ssDNA tethers,
we found that binding of RPA causes ssDNA to rapidly extend and elongate
reaching a steady state within several minutes. Analysis of RPA’s effect on
the force-extension curve of ssDNA reveals a increased effective persistence
length at RPA binding, which indicates a moderate stiffening effect of RPA
on ssDNA backbone. Further analysis of RPA’s occupation fraction on ssDNA
at varying RPA concentration shows that RPA’s ssDNA binding is largely non-
cooperative with an interesting non-monotonic salt concentration dependent
binding affinity. Upon examination of the effect of biometals, we discovered
a unique role of zinc on RPA’s ssDNA binding: zinc in micromolar concentra-
tions drives formation of a significantly stiffer and more compact RPA coated
ssDNA state. These results together provide new mechanochemical insights to
the influences and the mechanisms of action of RPA on large single ssDNA
substrate.
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FtsK actively segregates sister chromosomes during cell division and plays a
key role in chromosome maintenance by activating XerCD-dif site specific
recombination (SSR). However, important questions remain about FtsK. The
mechanism of FtsK assembly at the FtsK orienting polar sequence (KOPS),
and the stoichiometry (hexamer vs. dodecamer) of the FtsK translocating
unit is unclear. Questions also remain the role of FtsK in biasing SSR to dec-
atenate sister chromomes, and the mechanics of its activation of recombination.
We have recently begun to address such questions using single-color tethered
fluorophore motion (TFM), a technique that applies the principles of tethered
particle motion using a single fluorophore (rather than a bead); we combined
TFM with existing single-molecule methods to observe a new conformational
state early in the XerCD SSR pathway and hypothesised that it acts as the sub-
strate for FtsK activation.
Now, here, we present two-color TFM, in combination with Fo¨rster resonance
energy transfer, using two spectrally separate flurophores to simultaneously
monitor both the DNA conformation and the position of FtsK along its DNA
substrate. Our work observes FtsK loading at KOPS and translocating on
DNA at 3 kb/s. We show that FtsK dissociates rapidly when it encounters un-
synapsed XerCD-dif, but dwells at pre-assembled synapses and activates SSR.
After activation, FtsK remains in the vicinity of dif only for ~2 s, and thus
cannot decatenate chromosomes by activating multiple rounds of recombina-
tion sequentially. Our results also report on the FtsK stoichiometry during
translocation. Current work focuses on expanding TFM to a third spectrally
distinct fluorophore to elucidate the FtsK structure during translocation and
the structural basis for activation of XerCD-dif synapses.338-Pos Board B118
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Bacteriophage T7 gene 2.5 protein (gp2.5), a single-stranded DNA binding
(SSB) protein, contains two main structural elements which confer it essential
functions. First, an oligosaccharide/oligonucleotide binding fold which can
interact with ssDNA and thus provide a protective role while removing second-
ary structure impediments. Second, an acidic C-terminal tail capable to interact
with other gp2.5 units and with other replisome proteins, such as the T7 DNA
primase-helicase (gp4) and polymerase (gp5), allowing for organizational roles
within the replisome. The impact of SSBs on the replisome dynamics is hard to
study using conventional biochemistry tools. Here, we present data obtained
from a unique combination of optical tweezers and confocal fluorescence mi-
croscopy, which offers real-time high spatial and temporal resolution to study
protein-DNA interactions. Our results show that the SSB gp2.5 binds efficiently
to ssDNA, forming highly static protein-DNA complexes. We also observed a
decrease in the ssDNA end-to-end length indicating that the protein binds by
bending or wrapping ssDNA, resulting in a highly tension-sensitive binding
mode. Next, we studied to what degree the presence of wild type (wt) gp2.5
or a mutant lacking the terminal phenylalanine (DF), the interaction motif
with DNA polymerase, affects replication activity. We show that wt gp2.5
alters the rate, duration and probability of occurrence of replicative and proof-
reading polymerase events in contrast to the DF mutant or the absence of the
protein. Thus, our findings indicate that the presence of gp2.5 strongly stimu-
lates the function of DNA polymerase within the replisome.
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DNA replication is an essential process across all domains of life. Replicative
helicases play an integral part in this process by unwinding the duplex DNA to
make single-strand template strands available for duplication. While the steric
exclusion model of unwinding, where one strand is encircled by the hexameric
helicase and the other excluded from the central channel, is widely accepted,
the complexities of this process remain unclear. Details of the helicases’
loading and unwinding mechanism(s) are continually being revealed. One
such detail is the interaction and role played by the excluded strand.
Our group has recently shown that a wrapping interaction between the excluded
single-strand of DNA and the outer surface of the helicase is crucial for the un-
winding activity of the 30-5’ MCM helicase from Sulfolobus solfataricus (Sso).
Using single-molecule FRET (smFRET), we can now show that this interaction
also exists for the hexameric E.coli DnaB (EcDnaB) helicase, which has 50-3’
polarity, and that similar dynamics are exhibited by both helicases. This sug-
gests that the interaction may be an important component of hexameric helicase
unwinding across various helicase superfamilies independent of polarity.
We have also investigated the interaction between EcDnaB’s inner channel and
the encircled-strand using smFRET. A compaction of the encircled strand by
the helicase has been suggested based on several crystal structures of hexameric
helicases bound to single-strand DNA that exhibits a significant decrease in rise
per base. Using EcDnaB, we show that the helicase’s binding induces a
‘scrunching’ of the DNA, and that in the absence of ATP, this is a stable inter-
action. Both excluded-strand wrapping and encircled-strand scrunching are
likely critical aspects of replicative helicase unwinding.
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HMGA proteins belong to the super family of the high mobility group (HMG)
proteins act as architectural transcription factors. They are known to modulate
transcription of many genes by altering the chromatin structure. Recently, a
new function of HMGA2 working as a replication fork chaperone has been un-
covered and this finding implies the HMGA2 might recognize the particular
